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Aims To extend the benefits of physiologically guided percutaneous coronary intervention to many more patients,
angiography-derived, or ‘virtual’ fractional flow reserve (vFFR) has been developed, in which FFR is computed,
based upon the images, instead of being measured invasively. The effect of operator experience with these meth-
ods upon vFFR accuracy remains unknown. We investigated variability in vFFR results based upon operator experi-




Virtual fractional flow reserve was computed using a proprietary method (VIRTUheart) from the invasive angio-
grams of patients with coronary artery disease. Each case was processed by an expert (>100 vFFR cases) and a
non-expert (<20 vFFR cases) operator and results were compared. The primary outcome was the variability in
vFFR between experts and non-experts and the impact this had upon treatment strategy (PCI vs. conservative
management). Two hundred and thirty-one vessels (199 patients) were processed. Mean non-expert and expert
vFFRs were similar overall [0.76 (0.13) and 0.77 (0.16)] but there was significant variability between individual
results (variability coefficient 12%, intraclass correlation coefficient 0.58), with only moderate agreement (j=0.46),
and this led to a statistically significant change in management strategy in 27% of cases. Variability was significantly
lower, and agreement higher, for expert operators; a change in their recommended management occurred in 10%
of repeated expert measurements and 14% of inter-expert measurements.
...................................................................................................................................................................................................
Conclusion Virtual fractional flow reserve results are influenced by operator experience of vFFR processing. This had implica-
tions for treatment allocation. These results highlight the importance of training and quality assurance to ensure re-
liable, repeatable vFFR results.
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Introduction
In the cardiac catheter laboratory, evidence robustly supports the
use of physiological assessment to guide revascularization decisions.
Percutaneous coronary intervention (PCI) guided by fractional flow
reserve (FFR) is associated with improved clinical and economic out-
comes compared to cases guided by angiography alone1,2 and is indi-
cated in the major international guidelines.3,4 However, due to
practical and methodological factors, FFR remains under-used, and
thus the clinical benefits are not extended to all patients.5,6 Several
groups have attempted to compute FFR from angiography. Different
methods include quantitative flow ratio (QFR) and FFR-angiography
(FFRangio), and are referred to collectively as virtual FFR (vFFR).
Typically, vFFR is calculated by applying a mathematical solution of
flow, based upon the laws of fluid dynamics, to a geometric recon-
struction of coronary anatomy, derived from the angiogram. If suffi-
ciently accurate, these models have the potential to transform
interventional practice by extending the proven benefits of coronary
physiological assessment to many more patients.7Virtual fractional
flow reserve accuracy has been quantified and reported in different
ways.8 Relative to invasive FFR, vFFR accurately identifies the binary
outcome of physiological lesion significance (FFR<_ 0.80) in around
90% of cases.9 This is known as ‘diagnostic’ accuracy and is heavily de-
pendent upon the study design and patient population. Agreeability,
or ‘quantitative’ accuracy of vFFR vs. invasive (measured) FFR, is less
impressive, with Bland–Altman limits of agreement ±0.14 for most
published models.9Whereas invasive FFR is reproducible at repeated
measurement,10 vFFR is more variable due to inconsistencies in how
the arterial anatomy is reconstructed from the angiogram. This, in
turn, depends upon the accuracy of the reconstruction method, and
the quality of the angiogram used, how well opacified the culprit ar-
tery was and what acquisitions and projection angles were used to re-
construct the anatomy within the model. The variability introduced
at this stage of vFFR is less well understood. Moreover, even when
intra- and interobserver variability data are reported, it has been al-
most exclusively in the context of a research group, with expertise in
computer modelling and familiarity with the methods they have
themselves developed. Data regarding vFFR accuracy in the hands of
non-experts is less well understood. This is important because some
vFFR systems are now available commercially and approved for use
in the cardiac catheter laboratory to make important revasculariza-
tion decisions.
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The aim of this study was to compare vFFR results between expert




This was a single-centre study composed of healthcare researchers based
in Sheffield, within our research group at the University of Sheffield.
Clinical data were from patients undergoing treatment at Sheffield
Teaching Hospitals, NHS Foundation Trust, UK. The research was
approved by the NHS research ethics committee and the institutional re-
view board. Experts and non-experts computed vFFR. Results were com-
pared to calculate the variability in the vFFR result between the groups.
The potential impact this would have upon treatment (revascularization
vs. conservative therapy) was also investigated.
Study population and imaging protocol
Patients were included if they had a chronic or acute coronary syndrome,
were being assessed for interventional therapy, and had a stenosis in at
least one major epicardial artery estimated to be 40–90% lumen diameter
by eye. Patients were excluded if they were <18 years of age, pregnant,
had undergone previous coronary artery bypass surgery, or experienced
acute ST-segment elevation myocardial infarction within 1 month. In the
case of non-ST-segment elevation myocardial infarction, analysis was lim-
ited to the non-culprit arteries. Standard multiple single-plane coronary
angiography was performed by the radial or femoral artery according to
the operators’ standard practice. An initial screening stage was performed
to exclude cases without at least two clear views of the lesion in question,
at least 30 apart, with excessive table or patient movement, vessel over-
lap or foreshortening, or with poor contrast or absent electrocardiogram
signal. Angiogram data were exported in Digital Imaging and
Communications in Medicine format for vFFR analysis.
Deriving fractional flow reserve from
angiography
Virtual fractional flow reserve was computed from the angiogram using
the VIRTUheartTM (University of Sheffield, proprietary) model of coron-
ary physiology. Three-dimensional (3D) coronary anatomy was recon-
structed using an algebraic formula based upon the epipolar line
intersections from two angiographic projections acquired >_30 apart
during end-diastole. The software incorporates a correction for
between-acquisition (ventilatory or voluntary) movement by identifying
points of correspondence in both projections. The resulting 3D surface
mesh is a representation of the arterial lumen. This is converted to a volu-
metric mesh (ANSYS, PA, USA) ready for computational fluid dynamics
simulation which computes the translesional pressure gradient by solving
the 3D form of the Navier–Stokes equations (ANSYS, PA, USA). Virtual
Figure 1 Flowchart showing patient recruitment, exclusions, and analyses.














































































































































fractional flow reserve is reported as the ratio of the distal (Pd) to prox-
imal (Pa) computed pressures. Further details have been published previ-
ously.11–14
Expert and non-expert analysis
Experts were defined as individuals who had processed >_100 vFFR cases,
and non-experts who had processed <20 vFFR cases prior to the study.
Experts and non-experts received the same training and proctoring to
use the VIRTUheartTM software package and used the same version of
the software and method. In the context of this study, the terms expert
and non-expert reflects only the level of experience of using computa-
tional modelling techniques to compute vFFR and not to expertise or ex-
perience in clinical cardiology. Operators were blinded, not only to the
initial vFFR result, but also to the projection angles and frames selected
by the previous operator. Thus each repeat analysis was completely
blinded in all respects. The primary outcome measure was the variance
between expert and non-expert operators in terms of the vFFR result
and the treatment decision. The purpose of this study was to investigate
the effect of operator experience on vFFR results and the implications
this may have on treatment. To avoid confounding, ‘treatment decision’
(PCI vs. conservative treatment with medical therapy) was therefore,
based only on whether the vFFR was <_0.80 or not. Secondary outcome
measures were the intra- and inter-expert-observer variability which was
studied on a smaller cohort (n=50) of cases. Finally, in cases where inva-
sive FFR was measured as part of the clinical assessment, these data were
recorded for comparison. There were five non-expert operators and
four expert operators.
Statistical analysis
Pearson’s correlation coefficient (r) was used to quantify linear correl-
ation and proportion of variance (R2). Coefficient of variability (CV) was
calculated, as the ratio of standard deviation (SD) and mean of repeated
samples. Between group differences were displayed in Bland–Altman
plots and the 95% limits of agreement were calculated as ±1.96SD. For
categorical data (FFR <_ or > 0.80), Cohen’s kappa statistic (j) was calcu-
lated to assess the strength of interobserver reliability. This takes into ac-
count the agreement expected by chance and is a number between -1.0
and 1.0 with values of 0; 0.10–20; 0.21–0.40; 0.41–0.60; 0.61–0.80; 0.81–
0.90; and 1.0 indicating no (equivalent to chance), slight, fair, moderate,
substantial, near-perfect and perfect agreement, respectively. Negative
values indicate agreement worse than that expected by chance.
Significance of change in indicated management was assessed using two-
by-two contingency tables and McNemar’s test or paired nominal data.
Continuous data are expressed as mean ± standard deviation and cat-
egorical data as a percentage, unless otherwise stated. A two-way mixed
model was used to calculate the intraclass correlation coefficient (ICC)
because the two observers are different but fixed and the population is
random. A one-way random model was used to calculate the ICC for
intra-observation because the observer was the same. To detect a >_10%
between group difference in treatment strategy (FFR < or >_ 0.80) with
80% power at 0.05 significance level, 194 paired (expert vs. non-expert)
samples were required.
Results
Patient and lesion characteristics
Three hundred and eleven angiograms were screened for inclusion,
and 281 (64%) from 199 patients were included and processed by
the team of five non-expert operators. Of these, 50 (17.8%) were
deemed unsuitable for accurate analysis by the experts (details in
Figure 1). The remaining 231 vessels from 178 patients were success-
fully reconstructed and their vFFRs processed by the experts. Of
these 178 patients, 61% were male, 29% were diabetic, 71% had
treated hypertension, and 47% were being treated for dyslipidaemia.
Fifty percent of had chronic coronary syndrome and 50% had acute
coronary syndrome. Of the 231 vessels, 72% were left anterior
descending (LAD), 7% were right coronary arteries (RCA), and 22%
were left circumflex (LCX).
Inter-operator variability: experts vs.
non-experts
Mean non-expert vFFR was 0.76 (0.13) and mean expert vFFR was
0.77 (0.16). There was a modest but statistically significant correlation
between expert and non-expert vFFR results (r=0.41, R2 = 0.17,
P<0.01). Intraclass correlation coefficient was 0.58 [95% confidence
interval (CI) 0.46–0.68, P<0.01]. Coefficient of variation between
experts and non-experts was 12%. After expert vFFR analysis, the
indicated management was significantly different (compared with
non-expert analysis) in 63 cases (27%) (P<0.01). Of these, 42
Figure 2 Scatter plot (A) and Bland–Altman plot (B) of non-ex-
pert vs. expert vFFR. (A) Correlation coefficient was 0.41 (R2 =
0.17). The horizontal and vertical line indicates the <_0.80 FFR
threshold for intervention. Cases in the upper right and lower left
quadrants are concordant, whereas those in the upper left and
lower right quadrants were discordant. There was a significant
change in indicated treatment (PCI vs. conservative) in 27% of cases
(P<0.01). (B) The mean vFFR value is plotted (x axis) against the dif-
ference between the two measures (y axis). The solid horizontal
line indicates the mean delta or ‘bias’ -0.01 (0.16). The dashed hori-
zontal lines indicate the upper and lower limits of agreement which
incorporate 95% of all observed differences (-0.32 toþ0.30).
































































































































































































































































(18.2%) changed from PCI to medical therapy (result changed from
<_0.80 to >0.80) and 21 (9.1%) changed from medical therapy to PCI
(result changed from >0.80 to <_0.80). Comparing between group
treatment decision, Cohen’s kappa was 0.46 (P<0.001) indicating
only moderate agreement between expert and non-expert vFFR
results. Figure 2 demonstrates the correlation and differences be-
tween expert and non-expert vFFR results. Fifty-nine cases, the non-
experts analysed had invasive FFR measurements during initial clinical
assessment. In these cases, mean invasive and vFFR were 0.83 (0.09)
and 0.77 (0.11). Mean delta was -0.06 (0.10) and Bland–Altman limits
of agreement were -0.28 toþ0.15.
Inter observer variability: expert vs.
blinded independent expert
Fifty vessels were randomly selected for inter-expert observer ana-
lysis. To avoid bias, randomization software was used . For these
cases, mean expert vFFR was 0.78 (0.15) and second expert vFFR
was 0.80 (0.14). Pearson’s correlation coefficient was 0.73 (R2 0.53,
P<0.01). Intraclass correlation coefficient was 0.85 (95% CI 0.73–
0.91, P<0.01). Coefficient of variability was 7.0%. Seven cases (14%)
crossed the <_0.80 threshold on repeat analysis; two (4%) changed
from PCI to medical and five (10%) from medical to PCI. In terms of
treatment decision, the Kappa statistic was 0.72 (P<0.01), indicating
substantial correlation, according to the pre-defined categories.
Cohen’s Kappa and ICC were significantly higher than for the expert
vs. non-expert analysis, and CV was significantly reduced (P<0.05).
Change in indicated treatment based on repeat analysis was not stat-
istically significant (P>0.05). Figure 3 demonstrates the correlation
and differences between expert and 2nd expert vFFR results.
Intraobserver variability: expert vs. same
expert
The same 50 cases were processed again by the same expert oper-
ator. Mean vFFR results were 0.78 (0.15) and 0.80 (0.14). The correl-
ation coefficient was 0.72 (R2 = 0.52, P<0.01). Intraclass correlation
coefficient was 0.80 (95% CI 0.64–0.89, P<0.01). Intra-operator co-
efficient of variability was 8.0%. Five cases (10%) crossed the <_0.80
threshold on repeat analysis by the same operator, all changing from
FFR medical therapy (FFR> 0.80) to PCI (FFR<_ 0.80). In terms of
treatment decision, the Kappa statistic was 0.80 (P<0.01), indicating
substantial correlation. Cohen’s Kappa and ICC were significantly
higher than for the expert vs. non-expert analysis and CV was signifi-
cantly reduced (P<0.05). Change in indicated treatment based on re-
peat analysis was not statistically significant (P>0.05). Table 1
summarizes all statistical markers of variability for all three compari-
sons. Figure 4 demonstrates the correlation and differences between
expert vs. same expert vFFR results. Figure 5 demonstrates how
operator-dependent variability in vFFR analysis affected indicated
treatment strategy.
Discussion
In this study, the largest study of interobserver variability of vFFR to
date, we have demonstrated a significant difference in the results
processed by experts compared with non-experts. Most importantly,
this operator-dependent variability accounted for a statistically signifi-
cant change in indicated treatment strategy in approximately one-
quarter of cases (27%). Moreover, the kappa statistic indicated only a
moderate correlation in vFFR between experts and non-experts
when assigning patients to either medical therapy or PCI. Agreement
was significantly stronger between experts. In this context, the kappa
statistic indicated substantial correlation, and the number of cases in
which a change in treatment occurred was almost half and agreement
between independent experts was almost identical to that of
repeated analyses by the same expert (CV 7% and 8%).
These findings are important for three main reasons. First, the
accuracy of vFFR in the hands of non-experts in computer model-
ling has not previously been reported. Second, their results lead
to a different management strategy (change between PCI and con-
servative) in 27% cases. Third, these models of angiography-
derived vFFR are being commercialized and there is a potential
risk of incorrect management being promulgated in increasing
numbers of patients.
Another important finding was that non-experts processed vFFR
in 18% cases that the expert subsequently deemed inadequate for
Figure 3 Scatter plot (A) and Bland–Altman plot (B) of expert
interobserver variability. (A) Correlation coefficient was 0.72 (R2 =
0.52). The horizontal and vertical line indicates the <_0.80 FFR
threshold for intervention. Cases in the upper right and lower left
quadrants are concordant whereas, those in the upper left and
lower right quadrants were discordant, reflecting a change in indi-
cated treatment (PCI vs. medical). About 86% were concordant and
14% were discordant. (B) The mean vFFR value is plotted (x axis)
against the difference between the two measures (y axis). The solid
horizontal line indicates the bias which was -0.01 (0.10). The dashed
horizontal lines indicate the upper and lower limits of agreement
which incorporate 95% of all observed differences (-0.21 toþ0.20).







































































































































analysis. This was for a number of reasons including inadequate
images, poor opacification, and overlapping of vessels. This did not af-
fect our primary outcome measure because these cases were not
included in the final analysis, but it does reflect how experience of
vFFR processing affects how operators assess angiogram suitability.
Angiography-derived vFFR is an image-based technique that uses 2D
angiographic images to reconstruct the coronary anatomy in a 3D
model. The coronary arteries are particularly challenging to accurate-
ly reconstruct: they are typically just 2–3 mm in diameter; they are
constantly moving with the cardiac cycle, breathing, and patient
movement; there are frequently overlapping vessels which confuses
the image registration software; poor opacification can cause the
software to misrepresent the true anatomy; and errors are increased
in regions where the epipolar lines become parallel. The findings of
our study suggest that an understanding of the methodological traits
and nuances, concealed behind the software’s user-interface, are im-
portant in case selection, minimizing errors, and improving repeat-
ability. Our 17.8% exclusion rate is smaller than that reported by
other methods, but that apparently modest proportion followed an
initial screening process in which many more cases (36%) were
....................................................................................................................................................................................................................
Table 1 A summary of all statistical markers of variability and difference for all three comparisons
Expert vs. non-expert Expert vs. different Expert vs. same expert
Bias (SD) -0.01 (0.16) -0.01 (0.10) þ0.02 (0.11)
BA limits of agreement -0.32 to þ0.30 -0.21 to þ0.20 -0.18 to þ0.26
Variability coefficient (95% CI) 12%a (10.9–13.1%) 7% (5.6–8.4%) 8.0% (6.4–9.6%)
% change in treatment 27%a 14% 10%
k statistic 0.46a 0.72 0.80
Correlation coefficient 0.41a,b 0.73b 0.72b
ICC (95% CI) 0.58 (0.46–0.68)a 0.85 (0.73–0.91) 0.80 (0.64–0.89)
BA, Bland–Altman; ICC, intraclass correlation coefficient; k, Kappa statistic; SD, standard deviation.
aThe result in column one is significantly different from those in column two and three (a=0.05).
bThe correlation (Pearson’s coefficient) was reached statistical significance (a=0.01).
Figure 4 Scatter plot (A) and Bland–Altman plot (B) demonstrat-
ing expert intraobserver variability. (A) Correlation coefficient was
0.72 (R2 = 0.52). The horizontal and vertical line indicates the <_0.80
FFR threshold for intervention. Cases in the upper right and lower
left quadrants are concordant whereas, those in the upper left and
lower right quadrants were discordant, reflecting a change in indi-
cated treatment (PCI vs. medical). About 90% were concordant and
10% were discordant. (B) The mean vFFR value is plotted (x axis)
against the difference between the two measures (y axis). The solid
horizontal line indicates the bias which was þ0.04 (0.11).
The dashed horizontal lines indicate the upper and lower limits of
agreement which incorporate 95% of all observed differences
(-0.18 toþ0.26).
Figure 5 Histogram reporting the proportion of cases that
changed indicated treatment strategy in each comparison. The total
height reflects the percentage of all cases in which treatment was
altered and the graduations reflect the nature of this change: PCI to
medical therapy or medical therapy to PCI. *Statistically significant
change in treatment (a=0.01).



























































































































































































































































excluded because of inadequate angiographic images. It has previous-
ly been shown by our group that as many as 50% of standard angio-
grams may not be suitable for vFFR processing.15 The angiograms
processed in our study were acquired at a large tertiary cardiac
centre, so they were clinical cases performed at the discretion of a
large number of individual operators, using their normal practice, and
were not performed according to a research protocol.We specifical-
ly chose this approach to ensure a realistic analysis that could be
applied to everyday, real-world practice.
Although not objectively assessed in this study, the authors
observed several common processing habits and errors that may
have contributed to the observed variance in results. Non-experts
tended to be less careful than experts when selecting and segmenting
images, and could be too trusting in the semi-automatic segmentation
algorithms. Experts tended to be more aware of the underlying
methods and limitations of the software. They were better at select-
ing image pairs that optimally demonstrated the stenosis anatomy,
with minimal vessel overlap and optimal contrast opacification. In
addition, they were more likely to perform careful manual correction
at the 2D segmentation stage to ensure the arterial edge was ad-
equately represented by the computer model. In short, an appreci-
ation of the underpinning methods and limitations appeared valuable
in accurate case processing.
Few published studies of vFFR report observer-dependent variabil-
ity. Using the QFR system, van Rosendael et al.16 reported excellent
expert–expert reproducibility, with 95% limits of agreement of FFR
±0.08. However, this was in a sample of only 15 cases.With the same
method but in 40 cases, expert vs. same-expert analysis using identi-
cal angiographic frames (therefore not fully blinded), yielded limits of
agreement of vFFR ±0.12.17 In another analysis using the same
method, but in a much larger cohort, repeatability between in-
procedure QFR and core-laboratory QFR was reported as FFR
±0.14 and R2 of 0.69.18 It is noteworthy that, in this study, the ‘in-pro-
cedure’ (non-core-laboratory) analyses were processed by certifi-
cated staff with specific training and participating sites had to submit
training datasets for approval before involvement. Using FFRangio, in a
substudy of 25 cases, Trobs et al.19 reported the expert–expert vari-
ability with R2 of 0.77 and limits of agreement ±0.13 but, in subse-
quent, much larger study, Pellicano et al.20 reported expert–expert
variability with R2 of 0.85 and limits of agreement ±0.08. Using an al-
ternative method for deriving vFFR, Masdjedi et al.21 also reported
impressive reproducibility with R2 0.90 and limits of agreement
±0.05. Our study is the first to make operator-dependent variability
the primary outcome measure. Furthermore, unlike previous studies,
we ensured full blinding for all comparisons.
This study has implications for clinical practice, focused as it was
on operator-dependent variability of vFFR, not vFFR accuracy itself,
which is well described elsewhere.7,8 Nevertheless, the non-expert
factor has to be considered in the context of accuracy. The largest
analysis of vFFR accuracy to date was a Bayesian meta-analysis of thir-
teen studies and 1842 vessel analyses.9 In this analysis, relative to inva-
sive FFR, vFFR accuracy was reported as having a Bland–Altman limit
of agreement ±0.14. In the context of FFR, when the clinically import-
ant range is 0.70–0.90, an error range of ±0.14 is considerable. Our
study suggests that non-expert operators introduce variability that is
greater than this. Methods for computing vFFR are translating rapidly
into commercial products. After appropriate technical appraisal and
regulatory scrutiny, it will be important that operators receive suffi-
cient training and proctoring to ensure the results are reliable and
reproducible.
Our study demonstrates that experience and expertise with
angiographic reconstruction and vFFR processing affects how
cases are processed, and the vFFR result itself which in our study,
was enough to move 27% of cases across the <_0.80 threshold.
Just like any new clinical method or skill, operators require train-
ing, proctoring, and experience before being deemed competent.
Furthermore, (and unlike in our study) competence should not
be based purely on case numbers. A potential solution would be
akin to computed tomography-derived vFFR, where cases are
processed remotely by experts within a core laboratory.
Although acceptable for computed tomographic coronary angi-
ography, an outpatient test, it is not apposite for on-table deci-
sion-making in the catheter laboratory. We would, therefore,
advocate that vFFR systems are used to inform clinical decision-
making after a programme of manufacturer-approved training
and proctoring, followed by the completion of a logbook of cases
that can be inspected and quality assured by an expert. In total,
this should include at least 20 cases but we would avoid prescrib-
ing a precise number based only on the results of this study.
Virtual fractional flow reserve results will never be 100% repeat-
able, no matter the operators’ experience. However, systematic
errors in how cases are processed can, and therefore should, be
identified and corrected under the supervision of an expert
operator.
Our study had some limitations. Only one method of vFFR was
used in this study. The variability and repeatability between models of
vFFR were not examined. Also, the definition of what constitutes an
expert and a non-expert is subjective. The definition of an expert in
this study was based purely upon expertise with vFFR modelling and
image-based reconstruction. The intention was to compare the
results from those who, in the future, will use these tools to make im-
portant clinical decisions in the catheter laboratory. Treatment
changes were not significant in the expert vs. independent expert and
expert vs. same expert analyses, but the groups were considerably
smaller than in the primary outcome analysis. Even accounting for re-
construction problems arising from parallel epipoloar lines in RCA
cases, there were relatively few right coronary cases. However, we
believe the results are applicable to both left and right coronary
cases. The identification of culprit vessels was susceptible to the same
problems as standard clinical practice. While this may influence vFFR
accuracy relative to invasive FFR, this was not the focus of our study
and has no bearing on the variance between experts and non-expert
operators. Given that this was a single-centre study, we were unable
to detect any institutional influence on the vFFR variance. Consistent
with other studies, variance was greatest in cases with the lowest
value of vFFR. Percentage concordance/discordance may over look
this in some cases, but the reported Bland–Altman limits of agree-
ment do not.8 Finally, accuracy relative to invasive FFR was not the
subject of this study, because these were standard angiographic cases
without pressure wire deployment.



























































































































































































































































Angiography-derived vFFR is influenced by the operator’s experience
with the methods used to derive vFFR. Given the same angiogram,
non-expert operators achieved different vFFR results from expert
operators. These differences accounted for a significant change in
physiological classification and indicated treatment in approximately
one-quarter of cases. Virtual fractional flow reserve was more repro-
ducible in the hands of operators with more experience of using the
vFFR system. This has implications for decisions regarding revasculari-
zation using vFFR as it translates from research use to the clinic.
Angiography-derived vFFR may have the potential to extend the ben-
efits of physiologically guided PCI to many more patients without the
factors that limit use of invasive FFR, but operators require appropri-
ate training, proctoring and experience in these methods to ensure
reliable and repeatable results.
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